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The purpose of this paper is to discuss the merits of various methods of chemical examination of the stool used in the clinical diagnosis of sugar malabsorption, and to discuss the types of sugar malabsorption which may be clinically diagnosed. Stools from children suspected of having sugar malabsorption and stools from a small group of control infants have had the pH measured, the content of reducing substances estimated with Clinitest tablets, and any sugars present identified chromatographically. A diagnosis of sugar malabsorption was made on the basis of an assessment of the clinical state, chemical examination of the stools, and response to dietary management. The value of the stool findings in making the clinical diagnosis was assessed. Role of Chemical Examination of the Stool in Diagnosis of Sugar Malabsorption in Children 57 0% O-i%, i%, -l%, i%, i%, 1%,and2%. A finding of i0 or more indicated the presence of an abnormal amount of sugar in the stool. A portion of the specimen was also tested again after acid hydrolysis (Kerry and Townley, 1965) . Some specimens were examined freshly and again after freezing and the results compared.
The remaining suspension was centrifuged and the resulting supemate was used for spotting on to Whatman No. 1 chromatography paper. Descending one-way paper chromatography was used, with a 30 cm length of run, the solvent being a mixture of ethyl acetate, pyridine, and water (13: 5: 4). A run of 16 hours gave satisfactory separation of sugars.
A modification of the alkaline silver nitrate method of Smith (1958) was used for locating the spots, as follows.
Silver nitrate. 3 ml saturated solution of silver nitrate is added to 250 ml acetone. A precipitate forms and is redissolved by drop-wise addition of water until solution is complete.
Sodium hydroxide. 5 ml stock 40% aqueous solution of sodium hydroxide is added to 95 ml ethanol.
The dried chromatogram was dipped through the silver nitrate solution and the acetone was blown off. It was then dipped through the sodium hydroxide solution when spots appeared which were brown or black in colour.
A fixing solution containing sodium thiosulphate and potassium metabisulphite was used to clear the background of the paper, and the paper was then washed in running water, and kept as a permanent record.
Materials
In all, 323 stools were examined from 146 children, of whom 14 were controls. Some were examined before diagnosis and some after starting dietary therapy. 132 of these children were being investigated for sugar malabsorption; 65 of the 132 children were in a gastroenteritis ward. These children had some form of diarrhoea when the strength of oral feeding had been increased in the convalescent period after acute gastroenteritis. 64 children were being investigated because of chronic diarrhoea and 17 children were neonates who developed diarrhoea after operation.
Two of the controls were normal breastfed neonates, 9 were neonates being investigated for disorders outside the alimentary tract, who were having feeds based on cow's milk, and 3 were infants aged between 1 and 3 months having cow's milk feeds.
The stools that were examined freshly in the pH study were all collected on plastic. The remaining stools were collected on plastic, and a study was made over a period of time of the effect of collecting a sugarcontaining stool on an ordinary napkin rather than on plastic.
The gross appearance of each stool was noted and the adequacy of the specimen for examination was assessed before inclusion in the study.
Results pH Study
Methodology. There was a satisfactory agreement between readings obtained with the pH meter and pH paper (Fig. 1) Results in 323 stools. There was no difference between pH readings of fresh stools and readings of the same stools after they had been frozen for varying intervals and thea thawed. There was no difference between pH paper readings of undiluted stool and of stool diluted 1: I and 1: 1 with water.
There was a slight variation in pH meter readings, but not greater than 0* 2 of a reading. There was a wide range ofpH estimations in the stools examined which ranged from 4 to just over 7. The values in 309 stools from children suspected of having sugar malabsorption are indicated in Fig. 2 .
A stool pH of less than 6 is said to be characteristic of sugar malabsorption (Holzel, 1967 ), yet 14 stools had a pH of less than 5, but contained only nonsignificant amounts of reducing substances (less than°%). In 2 children progress stool examination revealed the presence of significant amounts of sugar, but in the remaining children progress stools were consistently free of sugar and they subsequently thrived on a milk-containing diet. In addition, 18 stools contained a significant amount of reducing substances (more than o), yet the pH readings were 6 or more. It is thus apparent from these results that stool pH is not always a reliable screening test for the diagnosis of sugar malabsorption in a large group of children with diarrhoea, but a stool pH of less than 5 in an individual child in the hospital situation, despite the absence of sugar, suggests that further stools should be examined for reducing substances.
Examination with Clinitest tablets. There were no reducing substances found in 177 of the stools from the 146 children being tested for sugar malabsorption. There was I % or more reducing substances in 50 stools. A non-significant level of reducing substances was found in the remaining stools (between I and % in 17, in 26, and between 0 and j% in 39). The results are indicated in Fig. 2 . After hydrolysis there was an apparent increase in the amount of reducing substances in 28 stools (Table I) , though of varying degree and increasing to j % or more in 22 of these.
In 3 children no reducing substances were present in their stools, but after acid hydrolysis a significant level appeared to be present (J-1 o). Yet in only 7 was sucrose or its component monosaccharides detected on the chromatogram. 6 stools in the controls contained 10o reducing substances, but in the remainder no reducing substances were detected.
The effect of allowing a sugar-containing stool to soak into a napkin was observed (Table II) . A stool that contained 1 % reducing substances when freshly and completely collected on plastic, was Chromatography for sugar. 5 principal patterns were observed chromatographically in those cases in which sugar was present in the stools, though there was considerable variation in the density of the sugar spot in individual chromatograms. These are illustrated in Fig. 3 . Pattern I was characterized by the presence of lactose, sucrose, galactose, glucose, and fructose in the stools of children having sweetened condensed milk diluted 1 in 8 as their feed. This feed contains lactose 1 4 g/100 ml and sucrose 5-3 g/100 ml. This pattern was interpreted as evidence of lactose and sucrose malabsorption.
Pattern II was characterized by the presence of lactose, galactose, and glucose in the stool and when found in children having feeds based on cow's milk was interpreted as evidence of lactose malabsorption.
Pattern III was infrequently seen and in this pattern the principal sugars in the stool were fructose and glucose, some sucrose, and sometimes traces only of lactose and galactose. This pattern was found in infants having a sucrose-containing feed such as sweetened condensed milk 1 in 8, and indicated that these children had evidence of sucrose malabsorption.
Pattern IV was found in infants having a glucosecontaining feed such as Glucose Nutramigen (Mead Johnson) or D.S.I. (Nestle-an experimental feed not yet marketed) and indicated glucose malabsorption.
Pattern V was found in infants who had sugar in their stools while having the fructose based formula Galactomin 19 (Trufood) and thus indicated the presence of fructose malabsorption.
The chromatograms of all patients could be placed in one of these 5 categories, but the relative density of the sugar spots varied from stool to stool. In some stools there was also a trace of maltose and in others spots of varying intensity were observed that had a shorter run than lactose. These spots were interpreted as having the characteristics of oligosaccharides. In the control children who had°% reducing substances in their stools, traces of these short run substances were seen together with traces of galactose and glucose.
In 4 children, more than one type of chromatogram was found, i.e. different patterns were seen when the feeds were changed. In 1 child a chromatogram consistent with lactose and sucrose malabsorption was seen (Fig. 4) firmed by the response to elimination of the offending sugars from the diet, assessed both clinically and by chromatographic examination of progress stools. Discussion This study has shown the value of chemical examination of the stool in the diagnosis of sugar malabsorption, firstly using Clinitest tablets as a screening test to detect reducing substances in the stool and, secondly, using paper chromatography to demonstrate which sugars were present in the stool, and thus the type of sugar malabsorption present. This study also confirmed the importance of collecting stools on a nonabsorbent material before testing with Clinitest tablets. It had been hoped when starting this study that stool pH estimation might be a reliable, rapid, and effective way of screening a large number of children for sugar malabsorption in childhood diarrhoeal states found in a developing country, but this study has shown that estimation of stool pH was an unreliable screening test for the diagnosis of sugar malabsorption in a large group of children, though perhaps a useful observation to be made in an individual patient. Davidson and Mullinger (1970) have thrown some doubt on the reliability of finding excess reducing substances in the stools as a screening test for sugar malabsorption in neonates, as they found abnormal amounts of reducing substances in the stools of normal neonates. They stated, however, that these infants passed pasty or curdy liquid stools, and not the typical watery stools of classical
